Individual noise sensitivity is a stable personality trait covering attitudes towards a wide range of environmental sounds. It is a major antecendent of noise annoyance reactions, and is assessed by obtaining responses to one or several rating-scale items. The psychometric properties of four German-language noise-sensitivity measuresÐa translation of Weinstein's (1978) noise-sensitivity scale, a newly developed questionnaire, and two single-item questions re£ecting susceptibility to sounds and noise, respectivelyÐwere evaluated, using a student sample of n = 213 persons. Reliability coe¤cients ranged from r = 0Á70 for the rating of susceptibility to sounds to r = 0Á92 for the newly constructed questionnaire. Construct validity was appraised by inter-correlating noise-sensitivity scores, and by relating noise-sensitivity scores to questionnaire measures of depression, stress, anger, and anxiety. The results indicate that, while the questionnaire measures satisfy established criteria for test evaluation, the one-item ratings do not. Further exploratory analyses on a subset of the sample found only weak relationships between self-report measures of noise sensitivity and objective performance decrements under noise.
Introduction
Individual annoyance reactions to noise have been found to dependon physical attributes of the noise, attitudes towards the noise source, and personal characteristics of respondents (e.g. Taylor, 1984; Job, 1988; Green & Fidell, 1991) . According to a review of 27 studies (Job,1988) , noise exposureis the strongest determinant, accounting for an average of 17Á6 per cent of variation in individualannoyancereactions.To explain the still considerable di¡erence in noise tolerance across individuals when noise exposure is controlled for, the concept of noise sensitivity has been invoked. For a recent discussion of its de¢nition and measurement, see Job (in press ).Even though this concept is not unanimously de¢ned (see ÚhrstrÎm et al., 1988; Lercher, 1996; Staples, 1996) , its operationalization in the research literature characterizes it as a stable personality trait that captures attitudes towards a wide range of environmental noises (Moreira & Bryan, 1972; Weinstein,1978; Guski,1987; Stansfeld,1992) .
In an investigation of three possible groups of antecedents of annoyance by aircraft noiseÐnoise exposure measures, personal background characteristics, and attitudes toward aircraft operationÐ using a path-modelling approach, Taylor (1984) found noise sensitivity to be the only personal background variable investigated to have a signi¢cant e¡ect on annoyance; moreover, noise sensitivity proved to have the strongest single e¡ect (direct and indirect combined) overall. Likewise, Langdon (1976b) reported noise sensitivity to have a stronger impact on individual annoyance than noise level and explains an additional 12 per cent in reaction variance. A set of studies investigating the relationship between individual noise sensitivity and annoyance reactions to railway, aircraft and construction noise, with noise level controlled for, found correlations ranging from 0Á25 to 0Á45, the mean correlation being r = 0Á32, that is explaining 10Á24 per cent of the variance [Job, 1988 ; results of Langdon's (1976a) study that Job's review also takes into account are disregarded in the present context, as they pertain to behavioural responses towards noise which, in general, do not contribute to annoyance (Taylor, 1984) ].
While these results clearly show noise sensitivity to be a major antecedent of noise annoyance reactions, current measurement of noise sensitivity remains unsatisfactory. With rare exceptions (McKennell, 1969; Weinstein, 1978) , the instruments used to measure noise sensitivity have not been subjected to rigorous psychometric evaluation, and thus are of unknown quality. Often, items are arbitrarily picked from existing questionnaires or only a small number of rating-scale items are employed (e.g. Gri¤ths & Delauzun, 1977; Stansfeld et al., 1985; Kjellberg et al., 1996) . While this is advantageous for economical reasons, especially in large surveys combining several questionnaires, it is well known that, as a rule, a questionnaire's brevity adversely a¡ects its psychometric quality. Apparently, many investigators in applied noise research seem to believe that this problem may be alleviated by supplying a larger number of response alternatives. That, of course, is an issue to be settled on empirical grounds. To sum up, the assessment of noise-sensitivity is often based on ad hoc measures and fraught with questionnable assumptions, thus calling for more systematic study of the suitability of available instruments.
The present investigation was conducted in order to examine whether four self-report measures of noise sensitivity meet established psychometric criteria with respect to their distribution characteristics, reliability, and validity. The questionnaires evaluated were the most widely utilized and best available instruments: Weinstein's (1978) noise-sensitivity scale, and another, newly constructed questionnaire (Zimmer & Ellermeier, 1998a) , which is designed to cover a larger variety of respondents' attitudes towards noise than does Weinstein's scale. Both questionnaires deal with a variety of sound sources encountered in everyday life. The single-item rating scales investigated are frequently used in survey research (e.g. Langdon, 1976b; Stansfeld et al., 1985; Raw & Gri¤ths, 1988; MÏller-Andritzky et al., 1990; Lopez Barrio & Carles, 1993) and require the subject to make an overall estimate of her/his susceptibility to noise.
Furthermore, an exploratory attempt was made to link subjective noise sensitivity to objectively measured performance decrements under noise conditions similar to those in an open-plan o¤ce environment: a subset of our sample participated in an`irrelevant speech' experiment (see Salame¨& Baddeley, 1982; Jones & Morris, 1992) , and individual outcomes of the experiment were related to the various noise-sensitivity measures.
Method
After a short written introduction stating the general goals of the present investigation, four German-language measures of noise sensitivity were administered: a newly constructed noise-sensitivity questionnaire (Zimmer & Ellermeier, 1998a) , a translation of Weinstein's (1978) noise-sensitivity scale, and two one-item self-ratings capturing susceptibility to sounds and susceptibility to noise, respectively. Layout of the ¢rst three measures of noise sensitivity was identical, providing verbally labelled Likert-scale responses. For the rating of susceptibility to noise, a numbered category scale, re£ecting the degree of agreement, was presented.
Materials
Weinstein's noise sensitivity scale (WNS). Weinstein's (1978) noise sensitivity scale consists of 21 items, most of which express attitudes towards noise in general and emotional reactions to a variety of environmental sounds encountered in the everyday life of students, the target population of the questionnaire (for details on the German version used here see . For every statement, six response options ranging from strong disagreement to strong agreement are presented. With 14 of the 21 items, agreement to the item indicates greater noise sensitivity of the respondent.
Noise sensitivity questionnaire (LEF). This recently developed questionaire (Zimmer & Ellermeier, 1998a ) encompasses statements about a wide variety of environmental noises in a range of situations that a¡ect the entire population. The material covers seven content areas: everyday life, recreation, health, sleep, communication, work, and noise in general. The 52 items presented relate to perceptual, cognitive, a¡ective, and behavioural responses towards noise in these contexts. An almost equal number of items is scored in each direction. For every item, respondents may choose one of four response options ranging from strong disagreement to strong agreement.
One-item rating scales. Two direct ratings of individual noise sensitivity were obtained by asking for the degree of the respondent's susceptibility to noise (RN) and susceptibility to sounds (RS). The latter rating is equivalent to item 21 of Weinstein's noise sensitivity scale and features a range of six response options. The self-rating of susceptibility to noise was requested on an 11-point numerical rating scale, thus providing a ¢ner grain of response alternatives. The endpoints of this scale were labelled with the German equivalents of`not noise-sensitive at all' and`very noise-sensitive' , respectively.
Procedure
The scales were always presented in the same order: LEF, WNS, RS, RN. Thus, the overall ratings of noise sensitivity were given the potential bene¢t of prior elaboration through the speci¢c statements made in the questionnaires. The two single-item ratings were su¤ciently separated in time, since demographic information, and additional validational questionnaire data (see Results) were obtained between presenting RS and RN.
The demographic information gathered included age, gender, education, number of members of, and presence of children in the participant's household, an inquiry about hearing problems and the use of hearing aids, as well as subjective estimates of the loudness of the respondent's residential area and of his or her noise exposure history. In total, data collection took 25 to 35 minutes for every participant.
Sample
The questionnaires were administered to n = 213 university students at Regensburg. The respondents' age ranged from 19 to 44 years, with a mean of 24Á2 years (S.D. = 3Á6 years). Seventy-four respondents (34Á7%) were male. n = 187 of the participants also completed questionnaires serving construct validation, n = 178 participated in the retest after a 4 -week interval. None of the subjects had any prior knowledge of the literature on noise e¡ects, or of the research questions presently addressed.
Psychometric properties
For every item a score was assigned to each response option, so that the higher its numerical value the more noise-sensitive the respondent. Scores for RS and RN ranged from 0 to 5 points, and 0 to 10 points, respectively. The total score of the questionnaire measures was composed of the unweighted sum of their item scores, WNS scores ranging from 0 to 105 points, and LEF scores from 0 to 156 points.
None of the participants reported any di¤culty in handling the questionnaires. For each of the noise sensitivity measures, correlations with demographic variables, the distribution of scores, and reliability as well as validity coe¤cients were assessed.
Distribution of scores
The range of individual scores, mean scores and standard deviations for each of the four noise-sensitivity measures are given in Table 1. For RS, RN, and LEF, mean scores were near the midpoint of the entire possible range, while the WNS mean scored somewhat higher. Total scores of both questionnaires showed no signi¢cant deviation from a Gaussian distribution (Kolmogorov-Smirnov tests; z = 0Á572, N.S., for LEF), whereas scores of the one-item scales were symmetrically (Skewness s = 70Á167, N.S., for RN, and s = 70Á068, N.S., for RS), but not normally distributed (z = 2Á255, p50Á001, and z = 2Á272, p50Á001 for RN, and RS, respectively). Kurtosis of both one-item measures was negative, indicating a broader, £attened peak compared to the normal distribution (K RN = 70Á998, p = 0Á001; K RS = 70Á669, p = 0Á022); the extreme answer categories were rarely chosen.
Reliability
Internal consistency, an index of the degree to which the items of a test measure individual di¡er-ences in the same way, was very good for the two questionnaires, the longer LEF scale reaching a higher consistency coe¤cient (Cronbach's a LEF = 0Á922; a WNS = 0Á860). Retest-reliabilities, characterizing the stability of responses over time, ranged from medium, for RS, to very high, for the LEF questionnaire (see Table 1 ). The critical di¡erences (bottom row in Table 1 ) of the four noise-sensitivity scales represent the minimal di¡erence in individual scores to reach statistical signi¢cance at a = 0Á05 (Gulliksen, 1964, p. 22; Lienert & Raatz, 1994 , eq. 15Á14). They span one-third (RS), and one¢fth (RN) of the maximal range of scores for the TABLE 1 Distribution and reliability characteristics: range of scores, mean score, standard deviation, retest-reliability, and the critical di¡erence (a = 0Á05) for each of the four noise-sensitivity measures (n = 213)
Psychometric Properties of Noise Sensitivity Scales one-item ratings, thus turning out to be rather crude in comparison to the questionnaires, the critical di¡erences of which amount to one-tenth (WNS), and one-thirteenth (LEF) of the maximal range, respectively. With reliability coe¤cients exceeding 0Á9, LEF meets the psychometric standards required for personality and achievement tests, and thus may be employed to di¡erentiate between individual respondents. Taken together, these results suggest that all four noise-sensitivity scales measure a homogenous construct stable over time.
Correlations with demographic variables
Previous research found no relationship between noise sensitivity and demographic characteristics other than age, with which noise sensitivity increases (e.g. Moreira & Bryan, 1972; Weinstein, 1978; Taylor, 1984; Stansfeld, 1992) . The present ¢nd-ing is consistent with these results in that none of the noise-sensitivity measures correlated with any of the demographic data collected. (In order to account for the multiple correlations computed on the data set, the test-wise signi¢cance level was Bonferroni-corrected to a adj = 0Á0102.) Contrary to previous ¢ndings, however, there was also no correlation with age, and while WNS and LEF scores showed a tendency in the expected direction, product±moment correlations failed to reach statistical signi¢cance (r WNS = 0Á130, p = 0Á058, and r LEF = 0Á163, p = 0Á018, respectively, for the questionnaires; r RS = 0Á042, p = 0Á547 and r RN = 0Á085, p = 0Á215 for the one-item scales). The failure to ¢nd a signi¢cant correlation between age and noise sensitivity may well be due to the limited age range in the present student sample: data collected during LEF-scale development from a representative sample (n = 117) with a much wider age span (range: 18±83; M = 43Á1 years of age) exhibited a highly signi¢cant correlation between the sum of scores of the 52 items subsequently selected for the ¢nal version and age (r LEF = 0Á459, p50Á001). Correlation of age with the one-item rating RN, on the other hand, remained insigni¢cant (r RN = 0Á148, p = 0Á110, a = 0Á0102) in this sample as well.
Furthermore, the estimated loudness of the respondent's residential area correlated signi¢cantly with both of the one-item rating scales (Spearman's r RS = 0Á177, p = 0Á010, and r RN = 0Á191, p = 0Á005), but not with the questionnaires, the correlation with WNS indicating a tendency, but remaining insignificant (r WNS = 0Á161, p = 0Á018, and r LEF = 0Á033, p = 0Á629).
Cues to validity
To decide whether the four noise-sensitivity measures are based on a single construct, a principal-component factor analysis was performed on the total scores of these measures. It con¢rmed the unidimensional nature of the underlying construct: with an eigenvalue of 3Á00, this factor explains 75 per cent of variation. No other factor reaches an eigenvalue larger than 1. Pearson product±moment inter-correlations of the four measures are given in Table 2 .
Interestingly, while both the two questionnaire measures, and the two single-item responses, correlate highly with each other, the correlations between the two types of measures are somewhat lower.
As there is no universally accepted performance criterion for noise sensitivity, further analyses focused on the construct-related validation of the four noise-sensitivity measures. Previous studies demonstrated noise sensitivity to correlate with emotional stress (Dornic et al., 1990) and with depression (ÚhrstrÎm et al., 1988; Stansfeld, 1992) . The relationship between noise sensitivity and anxiety as well as anger-expression has also been discussed in the literature, however, it does not present a clear picture (Stansfeld, 1992) . In the present study, the discriminative construct-related validities of the four noise-sensitivity measures were obtained by correlating their scores with the following German-language questionnaires: (1) ADS, a depression scale designed for subclinical populations (Hautzinger & Bailer, 1993) , (2) STAI, an inventory assessing state and trait anxiety (Laux et al., 1981) , (3) the state and trait scales of the STAXI inventory of anger expression (Schwenkmezger et al., 1992), and (4) KFB,`a daily-hassles scale' , measuring stress (Flor, 1991) .
Correlations close to zero with the state scales administered, and moderate correlations with depression, stress, and the trait scales were expected; As may be seen in Table 3 , the predicted pattern of outcomes is most fully met by WNS. As the investigations generating our predictions were based on Swedish and British versions of Weinstein's scale, this result comes as no surprise. In contrast, LEF, RN, and RS deviate from the ideal pattern. Both single-item ratings lack the expected correlation with the trait anger-expression. Furthermore, the RN score correlates signi¢cantly with state anxiety. LEF scores only relate to the trait scales; however, they show no signi¢cant correlation with either depression or stress.
As regards to the magnitude of the correlations, irrespective of statistical signi¢cance, WNS scores exhibit higher correlations overall and LEF scores somewhat lower correlations to the other personality and mood scales, than have been previously reported in the literature. Scores of the one-item ratings correlate more strongly with depression and less with stress, than has been found in previous research (ÚhrstrÎm et al., 1988; Dornic et al., 1990; Stansfeld, 1992) .
Relationship between objective and subjective impairment by noise
How do subjective estimates of noise susceptibility relate to objective performance decrements under noise? To address this question, a subset of n = 72 of our sample, in addition to completing the questionnaires, participated in a standard`irrelevant speech' experiment (for details see , in which three types of auditory backgrounds were presented via headphones while the subject was performing a serial-recall task: (1) quiet, (2) pink noise at 76 dB (A), and (3) Japanese speech (an arbitrary 15 -s segment from a lecture) presented at 76 dB (A). In order to be able to measure individual di¡erences unconfounded with practice e¡ects, these conditions were randomly mixed on a trial-by-trial basis. The subject's task was to report a series of nine digits displayed on a computer monitor at a rate of one per s after a 5 -s retention interval while ignoring the auditory input. Whenever the subject failed to report the correct digit in the correct position, an error was scored. The sum of errors in 20 trials computed separately for each auditory condition served as the dependent variable. Consistent with the literature (e.g. Salame¨& Baddeley, 1982), a large and highly signi¢cant [F(2, 142) = 97Á16; p50Á001] overall`irrelevant speech effect' was obtained, in that subjects made considerably more errors under speech (M S = 74) than in quiet or with uniform pink noise, with the latter two conditions yielding almost identical results (M Q = 50 and M P = 52, respectively).
For each subject, the di¡erence between errors under speech and errors in the quiet control condition served as a measure of the magnitude of the individual irrelevant-speech e¡ect. Its correlation with the scores of the four noise-sensitivity scales, corrected for the irrelevant-speech e¡ect's low reliability (see , accounted for only a small portion of the varianceÐbetween 5 per cent and less than 1 per cent (r LEF = 0Á232; r WNS = 0Á167; r RS = 0Á116; r RN = 0Á084). Thus, noise sensitivity is only weakly associated with a performance criterion of impaired recall in thè irrelevant speech' paradigm.
Discussion
The most important outcome of the present study is that the four measures of noise sensitivity investigated did indeed exhibit systematic di¡erences with respect to psychometric quality and indicators of validity. The pattern of results emerging from this data set shall be discussed with four questions in mind: (1) are full-length noise-sensitivity questionnaires preferable over one-item self ratings? (2) in what way do the two questionnaires investigated differ from each other? (3) what is the relationship between noise sensitivity and objectively measured noise e¡ects? and (4) what is lacking in the prevalent conceptualization of noise sensitivity? 
Note: Pearson product-moment correlations of the four noise-sensitivity measures with a depression scale (ADS), a daily-hassles scale (KFB), state and trait anxiety scales (STAI-state and STAI-trait, respectively), and state and trait anger expression scales (STAXI-state and STAXItrait, respectively) (n = 187). Signi¢cant correlations (a = 0Á05) are highlighted.
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Questionnaires vs one-item responses
The present investigation revealed a number of systematic di¡erences between questionnaires laboriously constructed according to the standards of test theory, and ad hoc rating scales often preferred in large surveys. Speci¢cally, except for the obvious advantage of economy, single-item ratings su¡ered from the following shortcomings:
(1) Precision turned out to be crude, as re£ected in critical di¡erences covering as much as onethird (RS) or one-¢fth (RN) of the possible range of scores. (2) Retest reliability was lower than that of the questionnaires, which approximated or exceeded 0Á90. (3) The single-item ratings failed to capture the increasing noise sensitivity with age while showing unwanted correlations with the respondent's (estimated) noise exposure. In the prevalent conceptualization, noise exposure might a¡ect annoyance reactions, but should not modify the pre-existing trait of noise sensitivity (see Taylor, 1984) . (4) The one-item scales did somewhat worse in matching the pattern of correlations expected with related psychological concepts (discriminative validity). Namely, they did not capture the anger component inherent in increased noise sensitivity. The evidence thus suggests that the single-item scales investigated do not meet established psychometric criteria. Furthermore, di¡erences in the layout of the ratings presented to subjects do not seem to matter as much as intuition would suggest. In the present investigation, the ¢nely gained numerical scale did only marginally better than a cruder set of verbal response options. Note that, if anything, the present investigation over-estimates the psychometric quality of the single-item scales, since their presentation after 20 to 50 questionnaire items elaborating the subject most likely serves to increase the validity of a global self-rating regarding noisesensitivity.
Di¡erences between the two questionnaires
Reliability coe¤cients for both questionnaire measures were very good, the longer LEF scale achieving slightly better results. The expected pattern of discriminative validity was better matched by the questionnaire measures than by the one-item ratings, with WNS's coe¤cients somewhat higher, and LEF's coe¤cients somewhat lower than expected.
Weinstein's scale (WNS) features items relevant for a student population, and therefore may be of limited value in ¢eld research. LEF, while more promising from a conceptual point of view, is twice as long as WNS. In order to address the need for an economic instrument while striving to maintain minimal psychometric standards, we have recently proposed a selection of nine items from LEF to serve as a short form (Zimmer & Ellermeier, 1998b) suitable for investigating di¡erences between groups of respondents.
It must be emphasized, however, that the present investigation provides information only on the psychometric properties of self-report noise-sensitivity measures when applied to a student sample; that is, primarily for academic or laboratory settings. Transfer of the conclusions to samples with di¡er-ent demographic characteristics, particularly samples representative of the population at large, may not be straightforward, as became evident when the relationship between noise sensitivity and age was considered.
Noise sensitivity and objective noise e¡ects
For three of the four noise-sensitivity measures investigated, the present study failed to show a correlation with objective performance decrements under noise; the association with the fourth measure, LEF, however, was weak. The application of the broadlyde¢ned concept of noise sensitivity to a task requiring highly speci¢c memory resources may well have constrained the strength of the correlation. At least with regard to the LEF scale, exploring the relationship to objectively measured noise e¡ects in a variety of tasks may be more promising.
Data collected on a subset of our sample (n = 25) indicate, however, that even if queried speci¢cally to estimate the amount of disruption produced in the given task, the association between objective performance decrements and the estimated disruption is not much stronger than the association with general noise sensitivity: r = 0Á29 (for details see . This ¢nding is in line with results by Mabe and West (1982) , who showed that performance and its subjective evaluation are only weakly related in a variety of task domains.
Conceptualization of noise sensitivity
The stated goal of the present study was to make a methodological contribution to the measurement of noise sensitivity; that is, to identify the best available instruments on the basis of accepted 300 K. Zimmer and W. Ellermeier psychometric standards. Nevertheless, a number of conceptual issues that have been continuously plagueing research on noise sensitivity re-surfaced, especially in the context of our validational strategy. Clearly, replicating a previously obtained pattern of correlations with other personality measures is a preliminary solution due to the absence of a unifying theory of noise sensitivity and its interrelations with other constructs. This de¢-ciency has been recognized (Jones & Davies, 1984; ÚhrstrÎm et al., 1988) , and proposals have been outlined to integrate the concept into environmental stress theory (see Staples, 1966) or other interactionist approaches (Lercher, 1996) . Obviously, positioning noise sensitivity in a larger web of constructs calls for more data to be collected to investigate speci¢c hypotheses. In our own laboratory, we have recently addressed the question of whether individual di¡erences in noise sensitivity are related to di¡erences in auditory functioning at all (Ellermeier et al., in preparation) . It turned out that groups of participants exhibiting`low' vs high' noise sensitivity (LEF) were indistinguishable on the basis of absolute thresholds, intensity discrimination, simple auditory reaction time, or power± function exponents for loudness. Small but systematic di¡erences emerged only when judgmental aspects entered into the psychoacoustic task, such as in verbal loudness estimates, or in ratings of the unpleasantness of sounds, suggesting that noise sensitivity re£ects attitudinal or evaluative components of the response to noise, rather than a sensory predisposition.
Further laboratory studies might specify which component of the annoyance reaction (e.g. intensive, emotional, or evaluative) noise sensitivity measures predict, while ¢eld studies might clarify the role of exposure (or exposure history) in modifying individual noise sensitivity.
Conclusions
To conclude, the results of the present study show systematic di¡erences between available measures of noise sensitivity, to the e¡ect that, in contrast to full-£edged questionnaires, which produce precise, reliable, and valid results, one-item ratings cannot be recommended for the measurement of noise sensitivity. More fundamentally, the present results also caution strongly against the use of ad hoc scales not subjected to thorough psychometric evaluation.
